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SUMMARY 
A theoretical  and experimental  investigation has been conducted t o  eva lua te  the  
fundamental supersonic aerodynamic characteristics of a generic  twin-body wind-tunnel 
model. The exper imenta l  t es t ing  was performed in  the Langley Unitary Plan Wind 
Tunnel a t  a Mach number of 2.70. Experimental data were obtained on a simple 
rectangular-wing twin-body wind-tunnel model; t hese  da t a  were used t o  evaluate  pre- 
d i c t i o n  methods  and t o  i n v e s t i g a t e  i n t e r f e r e n c e  e f f e c t s .  R e s u l t s  show t h a t  e x i s t i n g  
aerodynamic prediction methods are adequate for making preliminary aerodynamic esti- 
mates .  Theoret ical  and experimental  resul ts  a lso indicate  that  s ignif icant  var ia-  
t i o n s  i n  z e r o - l i f t  wave drag are poss ib le  by varying body positioning; however, con- 
f igurat ion opt imizat ion should not  be concentrated only at  the zero- l i f t  condi t ion 
because of  the exis tence of  s t rong interact ions between l i f t ing and thickness  
e f f e c t s .  
INTRODUCTION 
Recent s tud ie s  of advanced a i r c ra f t  concep t s  i nd ica t e  tha t  s ign i f i can t  ae rody-  
namic performance and s t ruc tura l  weight - reduct ion  benef i t s  may be rea l ized  for  super -  
sonic  a i rc raf t  wi th  two fuselages rather  than a t r ad i t i ona l  s ing le  fuse l age .  I n  
reference 1, it i s  s ta ted  tha t  twin- fuse lage  supersonic  t ranspor t  a i rc raf t  could  have  
l e v e l s  of aerodynamic performance which equal or exceed that of a s ingle-fuselage 
configuration  having  only  one-half  the  passenger  capacity.  In  reference 2 ,  it i s  
es t imated  tha t  up t o  a 30-percent reduction in structural  weight could be obtained 
fo r  tw in - fuse l age  a i r c ra f t  compared with  s ingle-fuselage  a i rcraf t .   Al though  this  
l a t t e r  s t u d y  was conducted for  subsonic  a i rcraf t ,  the  weight  reduct ion appears  to  be 
independent  of  operat ing condi t ions and could be equal ly  appl icable  to  supersonic  as  
well a s  subsonic  a i rc raf t .  The combination  of  both  aerodynamic  performance  and 
weight-reduct ion benefi ts  makes the twin-fuselage concept look very promising; how- 
ever ,  many questions remain to be answered on t h e  a b i l i t y  of e x i s t i n g  a n a l y s i s  meth- 
ods to  predict  the aerodynamic character is t ics  of  twin-fuselage configurat ions.  
Previous work i n  t he  a rea  of supersonic interference concentrated on complete 
configuration integration of conventional components ( r e f s .  3 and 4)  o r  was l imi ted  
t o  mutual i n t e r f e rence  o f  i so l a t ed  components  such a s  wings and bodies (refs. 5 
and 6). Despite  the  abundance  of  experimental  data on nea r - f i e ld  in t e r f e rence  
e f fec ts  and  the  proven  capabi l i ty  o f  methods t o  p r e d i c t  many of  these  e f fec ts ,  it was 
found t h a t  t h e  c a p a b i l i t y  t o  compute the supersonic aerodynamic characterist ics of 
tw in - fuse l age  l i f t i ng  conf igu ra t ions  had y e t   t o  be demonstrated. 
The purpose of t h i s  r e p o r t  is  to evaluate the supersonic aerodynamics of a 
generic twin-body model and a s s e s s  t h e  a b i l i t y  of exis t ing supersonic  methods to  
provide estimates of aerodynamic performance. Assessment of the methods i s  made  by 
comparing the predicted resul ts  with exis t ing wind-tunnel  data  and with data  obtained 
f o r  a generic  twin-body  model cons t ruc t ed  spec i f i ca l ly  fo r  t h i s  pu rpose .  The generic  
model conf igura t ions  cons is ted  of two axisymmetric bodies of revolu t ion  incorpora t ing  
a rectangular planform wing a t  v a r i o u s  body l a t e r a l  and longitudinal spacings.  Tests 
were made a t  a Mach number of 2..70 i n  t h e  Langley Unitary Plan Wind Tunnel. 
SYMBOLS 
The  measurements  and  calculations  of  this  investigation  were  made  in U.S. 
Customary  Units.  Results  are  presented  in  both SI and  U.S.  Customary  Units. 

























wing  span,  50.800  cm (20.000 in.) 
axial-force  coefficient, 
drag  coefficient, - Drag 
qs 
incremental  change  in  drag  coefficient, CD - 
friction  drag  coefficient 
Axial  force 
qs 
zero-lift  drag  coefficient 




wave-drag  coefficient 
lift  coefficient, - Lift 
qs ~ 
pitching-moment  coefficient, Pitching  moment 
qsc 
normal-force  coefficient, Normal  force 
qs 
yawing-moment  coefficient, Yawing  moment 
qSb 
PA - Pm 
pressure  coefficient, 
q 
side-force  coefficient, Side  force 
qs 
wing  mean  aerodynamic  chord,  28.095  cm ( 1 1 . 0 6 1  in.) 
body  or  fuselage  length,  m  (in.) 
lift-drag  ratio 
free-stream  Mach  number 
,. 
local  total  pressure,  Pa  (lb/ftL 1 
free-stream  total  pressure,  Pa  (lb/ft2) 
f  ree-stream  dynamic  pressure,  Pa ( lb/ft2 1 
S wing re ference  area, 1427.223 cm2 (221.220 i n  ) 2 
U free-stream  speed, m/sec ( in / sec)  
X Car tes ian   coord ina te   in  streamwise d i r ec t ion ,  m ( in .  1 
&c incremental  change i n  x-coordinate, m ( i n . )  
Y Cartesian  coordinate   inspanwise  direct ion,  m ( i n . )  
AY incremental  change i n  y-coordinate, m ( i n . )  
a angle   of   t tack,  deg
e body polar angle,  deg 
Subscripts:  
W I  wi th   in te r fe rence  
WOI without   interference 
PReLIMINARY THEOFETICAL INVESTIGATION 
The concept of employing two f u s e l a g e s  t o  improve supersonic performance creates 
new oppor tun i t i e s  fo r  t hose  who  work in  t echn ica l  f i e lds  such  as aerodynamics, sta- 
b i l i t y  and control ,  and s t ructures .  However, as  with  any new concept, the develop- 
ment process  begins  by theoret ical ly  and experimental ly  assessing the merits and 
appl icat ions of  the concept .  Because  of the  increased  number of possible geometric 
var ia t ions  assoc ia ted  wi th  the  twin- fuse lage  concept ,  the  capabi l i t i es  of  adequate  
aerodynamic prediction techniques become increasingly important .  
Several  l inearized-theory prediction techniques for supersonic aerodynamics 
capable of analyzing the unique symmetric and asymmetric twin-fuselage geometries 
were se l ec t ed  fo r  t heo re t i ca l  ana lys i s .  The methods  chosen f o r  making t h e  z e r o - l i f t  
d rag  ca lcu la t ions  were t h e  PAN A I R  p i l o t  code and a modif ied vers ion of  the far-f ie ld  
wave-drag (FFWD) code. 
The PAN A I R  code ( r e f .  7) i s  an advanced panel method t h a t  employs surface dis- 
t r i b u t i o n s  of quadra t i ca l ly  va ry ing  doub le t  and  l i nea r ly  va ry ing  source  d i s t r ibu t ions  
f o r  computing the surface flow properties and resul tant  forces  and moments a t  both 
l i f t i n g  and nonl i f t ing condi t ions.  This  code has  a completely arbitrary geometry 
d e f i n i t i o n  scheme; however, cons iderable  a t ten t ion  must be pa id  t o  t h e  d e t a i l s  of t h e  
in t e r sec t ion  o f  component boundaries, which r e s u l t s  i n  a complicated geometry model- 
ing  process .  The PAN A I R  solut ion provides  extensive surface f low properties and 
in t e r f e rence  in fo rma t ion  in  add i t ion  t o  the  conf igura t ion  forces  and  moments. The 
second method i s  a modi f ied  vers ion  of  the  fa r - f ie ld  wave-drag code t h a t  employs t h e  
same supersonic  area-rule  solut ion technique as  tha t  of  re ference  8. This new code 
w a s  developed specif ical ly  for  the analysis  of  the twin-fuselage concept ;  the major 
modi f ica t ion  to  the  code  w a s  the change in geometry input definit ion from a 
component-dependent scheme (e .g . ,  wings ,  fuse lage ,  and  nace l le )  to  an  a rb i t ra ry  
component-independent  format. Also, t h e  la t ter  geometry de f in i t i on  does  no t  r equ i r e  
the matching of component boundaries, such as  wing-fuselage intersections. Having 
t h e   a b i l i t y  t o  model arbitrary geometries without imposing stringent modeling 
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requirements,  the  far-field  solution  technique  is  well  suited  for  the  analysis  of  the 
twin-fuselage  concept  and its multitude  of  possible  configurations.  The  major  draw- 
backs of far-field  methods  are  the  limited  amount  of  aerodynamic  interference  infor- 
mation  and  the  lack  of  surface  flow  properties  they  provide. 
To evaluate  the  PAN  AIR  and  far-field  wave-drag  code  capabilities to make  drag 
calculations at  the  zero-lift  condition, a theoretical/experimental comparison  was 
first  performed  with  existing  experimental  data. Shown in  figure 1 are  the  results 
in  which  theoretical  and  experimental  data  are  presented  for a reflection  plane  simu- 
lation  of  two  interfering  bodies  (ref. 9). In  the  left.  portion  of  the  figure,  PAN 
AIR  and  experimental  pressures  are  shown  along  two  streamwise  strips  of a body of 
revolution  in  the  vicinity  of a reflection  plane.  At  both  separation  distances, 
excellent  agreement  was  obtained  between  the  theory  and  experiment.  Especially 
notice  that  for  the  separation  distance y / ~  of 0.10, the  nose  shock  at X/I = 0.33 
and  the  reflected  shock  at X/I = 0.50 are  both  well  predicted  by  the  PAN  AIR  code; 
the  different  character  of  the  pressure  distributions  for 8 = 00 and 8 = 1800 is 
also  well  predicted.  The  incremental  change  in  zero-lift  drag  caused  by  varying  the 
body  position is  presented  in  the  right  portion  of  figure 1. This  figure  shows  that 
an optimum  (minimum  drag)  body  position  does  exist  and  that  both  the  PAN  AIR  and  the 
FFWD  codes  predict  similar  drag  trends  and  drag  levels. 
Based  upon  this  preliminary  investigation, it  was  concluded  that  both  methods 
are  capable  of  predicting  the  zero-lift  drag  characteristics  of  interfering  bodies  of 
revolution  and  that  the  PAN  AIR  code  provides a good  estimate  of  the  surface  pres- 
sures;  however,  an  assessment  of  the  capabilities  of  the  methods  when  applied  to a 
twin-fuselage  lifting  configuration  still  needed  to  be  made. 
MODEL  DESCRIPTION 
A n  experimental  test  program  was  initiated  to  generate  an  initial  set  of  twin- 
fuselage  data  which  would  be  used  in  the  theoretical  method  assessment. A sketch  of 
the  generic  twin-body  wind-tunnel  model,  fuselage  details,  and  wing  details  are  pre- 
sented  in  figures  2(a),  2(b),  and  2(c),  respectively.  The  model  consisted  of  two 
identical.  axisymmetric  bodies  of  revolution  with  an  effective  fineness  ratio  of 10, 
and a rectangular  planform  wing  having  an  aspect  ratio  of 1.8. Figure 3 is a photo- 
graphic  layout  of  all  model  parts  showing  their  respective  relationship  during  wind- 
tunnel  testing.  Figure 4 graphically  depicts  the  wind-tunnel  model  test  matrix  where 
Ay denotes  the  distance  between  body  center  lines  and  Ax  denotes  the  longitudinal 
distance  between  the  aft  end  points  of  the  bodies. A photograph  of  the  model 
installed  in  the  wind  tunnel  is  represented  in  figure 5. 
DISCUSSION  OF  RESULTS 
Theoretical  results  were  obtained  on  the  generic  twin-body  model  by  using  the 
method  of  reference 10 to  calculate  the  skin-friction  drag  and  either  PAN  AIR  or a 
combination  of  the  FFWD  and  lift  analysis  method  of  reference 11 to calculate  the 
inviscid  forces.  Tests  and  calculations  were  performed at a Mach  number  of  2.70; a 
brief  description  showing  how  the  theoretical  methods  were  applied  is  presented in 
appendix  A,  and a description  of  the  test  conditions  and  tabulation  of  the  experi- 
mental  data  are  given  in  appendix B. 
Theoretical  and  experimental  zero-lift  wave-drag  values  for  various  longitudinal 
(h/b) and  lateral  (Ay/b)  separations  of  the  bodies  are  presented  in  figure 6. Corn- 
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paring theory  with  experiment  for the two  cases  of  varying Ay reveals  that  both 
theoretical  methods do an adequate  job of predicting the trends, but the  FFWD  code 
does  better  at predicting the drag  levels.  Experimental  results  for  both  values of 
Ax/b, 0 and 0.50, show that an  18-percent  variation  (maximum to minimum  drag  value) 
in wave  drag  can be obtained  when  separating the bodies by varying Ay. However, 
because of the nature of the generic  twin-body  model,  which has  a large  value of 
skin-friction  drag ( C  ), the  total zero-lift  drag  variation  is  only 6 percent. The 
change  in  zero-lift  wave  drag  caused by variations  in the longitudinal  separation 
distance ( A x / b )  at a constant  spanwise  separation  (Ay/b = 0.25)  is  also shown in 
figure 6. For this situation,  experimental  results  show  that he minimum  zero-lift 
wave  drag  occurs  at  zero  longitudinal  separation.  Both theories underpredicted the 
wave  drag  for the maximum longitudinal  separation  distance.  From  these  results,  it 
may be concluded  that  significant  variations  in  wave  drag  are  achievable  with opt mum 
body positioning and  that the application of the  twin-body  concept to configurations 
with  large  zero-lift  drag  penalties  could  result  in  greater  aerodynamic  benefits. 
D,F 
Theoretical and  experimental  longitudinal  force  and  moment  results  for  symmetric 
configurations  are presented in  figure 7. Wing-alone  theoretical and experimental 
comparisons  are  shown in figure  7(a),  and a typical  set  of  symmetric  twin-fuselage 
characteristics .is shown  in  figure 7(b). Theoretical predicted results  from  PAN AIR 
and the lift  analysis method of  -reference 11, as  implemented  in  the  codes of refer- 
ences 12  and  13, are  presented.  The  wing-alone  configuration  is  the  only  one  which 
may  be  accurately  and  completely modeled by the lift  analysis  method of reference 10. 
The  results  indicate  that the PAN  AIR  code  and  the  lift  analysis  method  can  be  used 
to predict the lift  and  drag  forces of symmetric  twin-fuselage  configurations  and 
that  only the PAN  AIR code predicted the  pitching-moment  with  consistent 
acceptability. 
A summary  of the longitudinal  aerodynamic  characteristics of  all tested  symmet- 
ric  twin-body  configurations  is shown in figure 8. Presented in  figure 8 are  experi- 
mentally measured and  theoretically  predicted  drag at zero  lift,  lift-drag  ratio,  and 
drag  due-to-lift  factor  for  various  lateral  body  positionings.  The  results  indicate 
that  for  drag minimization the optimum  separation is  Ay/b = 0.85, whereas a separa- 
tion of  0.35 results  in the highest  lift-drag  ratio.  Comparing  theoretical  results 
reveals  that  both  the PAN AIR  and FFWD codes  predict  about the same  minimum  drag 
configuration;  additionally, the PAN AIR  code  adequately  predicts  the  variation  in 
lift-drag  ratio  but  overpredicts  the  levels of lift-drag  ratio  with  body  spacing. 
The overprediction of the levels of lift-drag  ratio by the PAN  AIR  code  can  be 
explained by its  underprediction of the  minimum  drag  levels. A review of the varia- 
tion in  drag  due-to-lift  factor  for  various  lateral  body  positionings  reveals  that 
the  PAN  AIR  code  does  predict  both  the  levels  and  trend.  These  results  indicate  that 
strong interactions  exist  between  lifting  and  thickness  effects  for  twin-body  config- 
urations  and  that  configuration  optimization  should  not  be  limited o the zero-lift 
conditions. 
Presented  in figure 9 are  selected  theoretical  and  experimental  force  and  moment 
results  for several asymmetric  configurations. Theoretical analysis of the configu- 
rations  was  limited to  the PAN AIR code  because of the asymmetric  geometries.  In 
general,  as  with the symmetric  configurations,  the  PAN  AIR  code  adequately predicted 
the longitudinal force and  moment  coefficients  except  for the configuration  with the 
maximum  longitudinal spacing (Ax/b = 1.00). 
Typical side-force  and  yawing-moment  coefficients are presented in  figure 10 as 
a function  of  angle  of  attack. The results on the left side of the figure  show that 
the effect  of skewing  the  fuselages from Ax/b = 0 to Ax/b = 1.00 produces a 
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negative  yawing  moment  and  positive  side  force  whose  magnitude  increases  with  angle 
of  attack;  the  results  in  the  right  side  of  the  figure  show  these  effects  to  be 
enhanced'with  increased  spanwise  separation  distance. A review  of  the  theoretical 
results  shows  that  the  PAN  AIR  code  overpredicted  the  directional  aerodynamic 
coefficients  for  this  asymmetric  twin-fuselage  configuration  and  indicates  that  the 
yawing  moment  is a net  result  of  asymmetric  interference  effects.  These  large 
differences  between  theory  and  experiment  could  be  caused  by  the  observed  flow 
separation  on  the  aft  portion  of  the  bodies. Flow separation  on  the  aft  portion  of 
the  bodies  would  create a forward  shift  in  the  side-force  center  of  pressure  and 
result  in  the  experimentally  lower  value  of  yawing  moment. Two observations  may  be 
made  from  the  directional  data:  first,  the  asymmetric  twin-body  configuration  does 
not  seem  to  be a viable  option  because  of  the  severe  directional  characteristics  seen 
on  this  model  at  zero  sideslip,  and  second,  the  PAN  AIR  code  does  predict  the  proper 
trend  in  the  directional  instability  of  the  asymmetric  configurations. 
SUMMARY OF RESULTS 
A theoretical  and  experimental  investigation  was  conducted  at a M ch  number 
of 2.70 to  evaluate  the  aerodynamic  characteristics  of a generic  twin-body  wind- 
tunnel  model  and  to  assess  the  ability  of  existing  theoretical  methods  to  predict  the 
aerodynamic  characteristics.  The  results  of  this  investigation  are  as  follows: 
1. Existing  theoretical  methods  are  adequate  for  making  preliminary  aerodynamic 
estimates;  the  far-field  wave  drag  code  provides  the  best  estimate  of  zero-lift  wave 
drag  and  the PAN AIR  code  provides  the  best  estimate  of  lifting  characteristics. 
2. Both  theoretical  and  experimental  results  show  that  the  zero-lift  wave  drag 
of  the  twin-body  model  varies  with  body  positioning;  therefore,  the  application  of 
the  twin-fuselage  concept  to  configurations  with  large  zero-lift  wave-drag  penalties 
could  result  in  greater  aerodynamic  benefits. 
3. Strong  interactions  exist  between  thickness  and  lift; as a result,  twin- 
fuselage  configuration  optimization  should  not  be  limited  to  the  zero-lift  condition. 
4. Experimental  results  show  that  asymmetric  arrangements  of  the  bodies  produce 
directionally  unstable  configurations.  Theoretical PAN AIR  results  predict  the 
correct  trend  but  overpredict  the  level  of  side  force  and  yawing  moment  for  these 
asymmetric  body  arrangements. 
Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
June 29, 1983 
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APPENDIX A 
APPLICATION OF THEORETICAL METHODS 
Several supersonic aerodynamic prediction methods are ava i l ab le  fo r  e s t ima t ing  
l i f t ,  d r a g ,  a n d  moment coe f f i c i en t s  o f  wings  and wing-body configurat ions.  However, 
because of the geometric nature of the twin-fuselage concept,  many of these methods 
are not  appl icable ,  and with methods that  are  applicable, a v a r i e t y  of geometric 
models can be constructed and analyzed. In order t o  c l a r i f y  t h e  t h e o r e t i c a l /  
experimental  comparisons in  this  report ,  a br ief  descr ipt ion of  the methods and the 
geometric models used t o  ana lyze  the  twin-body model are presented. 
PAN A I R  Code 
The PAN A I R  code ( r e f .  7 )  w a s  used  for  making n o n l i f t i n g  a n d  l i f t i n g  i n v i s c i d  
drag  ca lcu la t ions  on a l l  symmetric and asymmetric configurations. The a n a l y s i s  of 
symmetric conf igura t ions  w a s  performed by modeling half of the geometry and imposing 
X-Z plane symmetry. Shown i n  f i g u r e  A1 i s  a t y p i c a l  PAN A I R  input geometry consist- 
ing  of  18 networks represent ing the model and 8 wake networks; a l l  impermeable sur- 
f aces  were represented by mass-flux-type boundary conditions except for the balance 
housing where the surface panels are near Mach inc l ined  boundary conditions and, 
acco rd ing  to  r e fe rence  3 ,  velocity-type boundary conditions produce better solu- 
t i o n s .  No attempt was made t o  model flow separation and the paneling arrangement w a s  
kept  cons tan t  for  a l l  configurat ions.  
NETWORK PANELING 
SUB I NCLl NED 
MASS FLUX BC 







The. FFWD code (ref.  8) w a s  used  for  making z e r o - l i f t  wave-drag ca lcu la t ions  on  
a l l  symmetric and asymmetric configurat ions.  Analysis  of  symmetric conf igura t ions  
with the FFWD code w a s  again performed by modeling half of the geometry and imposing 
X-Z plane symmetry. Calcu la t ions  were performed on a l l  geometries by employing t h e  
same number o f  cu t t i ng  p l anes  (NX = 5 0 )  and the same number of configuration azimuth 
angles  ( N e  = 36, 00 < 8 < 360O). 
L i f t  A n a l y s i s  Code 
L i f t i n g  c h a r a c t e r i s t i c s  computed w i t h  t h e  l i f t  a n a l y s i s  c o d e  o f  r e f e r e n c e  1 1  
were obtained by represent ing  the  model a s  a zero-thickness,  uncambered sur face  hav- 
ing  a planform which included both the rectangular wing and the two bodies. Because 
t h i s  code i s  l imi ted  to  p lanforms which have X-Z plane of symmetry, t h i s   l i f t  analy- 
sis could not be performed on asymmetric body arrangements. 
Skin-Friction Drag Estimation 
Wind-tunnel sk in - f r i c t ion   d rag   coe f f i c i en t s  were computed  with  the T' method 
of reference 10. Because of geometry restrictions,  calculations were  only  performed 
on a r ep resen ta t ive  symmetric c o n f i g u r a t i o n ,  w i t h  t h e  r e s u l t s  b e i n g  a p p l i e d  t o  a l l  
symmetric and asymmetric geometries. 
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APPENDIX B 
TEST  DESCRIPTION 
The wind-tunnel  test  program  was  conducted in test  section 1 of  the  Unitary  Plan 
Wind  Tunnel  (ref. 14) at a Mach  number  of 2.70  and a stagnation  pressure  of 
85.059  kPa (1777 lb/ft2). The  Reynolds  number  for  the  test  was 6.56 X lo6/, 
(2.0 x 10  /ft)  and  the  stagnation  temperature  was  held  constant  at  324.8 K (1250F). 
The dew  point  was  maintained  sufficiently.  low  to  prevent  condensation  shocks  in  the 
tunne 1. 
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Strips  of No. 60 sand  grit  were  applied at 1.02 cm (0 .4  in.) from  the  leading 
edge  of  the  rectangular  wing  and  3.05 cm (1.2  in.) aft  of  the  nose  of  each  body t  
induce  boundary-layer  transition. The method  of  reference  15  was  used to determine 
transition-strip  size  and  location. 
Forces  and  moments  on  the  model  were  measured  by  means  of a six-c mponent  elec- 
trical  strain-gage  balance  which  was  contained  within  the  model  and  connected  through 
a supporting  sting  to  the  permanent  model  actuating  system  in  the  wind  tunnel.  The 
force  and  moment  data  have  been  corrected  for  balance-chamber  pressure  which  was 
measured  throughout  the  test.  All  angles  of  attack  have  been  adjusted  for  tunnel 
flow  misalignment  and  sting  deflections. 
Table  BI  gives  the  headings  which  appear  on  the  tabulated  data  and  their  corre- 
sponding symbols. Table  BII  contains  the  tabulated  data. 
TABLE  BI.-  TABULATED  DATA  SYMBOLS 
. . . . . - . 
Headings 




























TABLE B I I e -  TABULATED EXPERIMENTAL DATA 
G E N E R I C   T V I N   R O D Y  MODEL ; Y I N G   O N L Y  
bLPYA L /n C L  C D  C M  CN  A 
"""" """" """" """" """" """" """" 
































~ 2 1 2 4 4  
~ 2 6 8 5 7  
w32451 
moo958 
~ 0 1 4 9 5  














~ 0 0 0 1 5  
~ 0 0 0 7 8  
m00146 
~ 0 0 3 0 0  
m00454 
~ 0 0 5 9 3  
m00720 
~ 0 0 8 4 3  









~ 2 1 5 9 0  
w27454 
~ 3 3 4 1 4  
w00962 
00842 
~ 0 0 8 4 8  
~ 0 0 8 5 0  
m00839 
~ 0 0 8 4 0  
~ 0 0 8 3 9  
~ 0 0 8 4 3  
w00892 
w 00902 
~ 0 0 9 2 6  
~ 0 1 0 1 4  
moa823 
MACH 2.70 
CNB  CYB 
- w  0000 3 
-w00005 
-m00005 
- w  0000 5 
- m  0000 4 
- w  0000 5 
- w  0000 R -. 0 0 0 1  1 -. 0 0 0 1  1 
- w  0 0 0 1  4 
- m  0 0 0 1  5 -. 0000 5 
00029 
w00015 
~ 0 0 0 1 9  
m00018 
w 00009  
w 00010  
w 00003 
-moo011 
0 w00000 -. 00010 
- w  00038 
mooo2o 
C F N F R I C   T W I N   B O D Y   H O D F L  i BODY P O S I T I O N  I L O N G I T U D I N A L  Ow25 p L 4 T E R A L  Ow25 J YACH 2.70 
ALPHA L / D  C L  CD CH  CN C A  CNB C Y 8  






































~ 0 1 5 2 2  














w 0 0 1  5 1 
w00433 
~ 0 0 8 5 6  
~ 0 1 1 4 8  
m01299 
w01562 
~ 0 1 7 5 1  
-woo027 












~ 0 1 3 6 4  
~ 0 1 3 2 8  
w01322 
mo l311  
~ 0 1 3 2 5  
w01331 
~ 0 1 3 3 9  
~ 0 1 3 9 3  
m01424 
01 498 
w 0 1   5 9 5  
w01309 
0 0 0 1  0 
w 0 0 0 2  2 
w 0002 5 
m00006 
0 0 0 1  1 
w 0000 6 
0 0 0 1  2 
-moo01 7 
- m  00054  
-moo136 
- w  0012 5 
w 0 0 0 1  4 
- w  00063 
-woo019 
m00017 
0 ~ 0 0 0 0 0  
wooole 
w00026 
~ 0 0 0 1 4  
m00064 
~ 0 0 0 8 7  
w 00274 
m00156 
~ 0 0 0 1 7  
G F N E P T C  T U T N  RonY n n n E L  ; B O D Y  POSITION I LONGITUOINAL 1.00 L A T E R A L  0.25 ; M A C H  2.70 
ALPHA L I D  CL CD  CH  CN C A  CNB CYB 
"""" """" """"  """" """" """" """" """" """" 
-4.04187 
-1.84139 





























~ 1 6 8 6 4  
w t 1 9 7 3  
~ 2 9 6 1 1  
w35443 
~ 0 0 2 9 3  
~ 0 2 2 5 4  
m01568 
0 145 8 
m01372 
.01403 
~ 0 1 5 7 3  
~ 0 2 2 3 5  
w03270 
~ 0 4 5 5 4  
m06823 
~ 0 9 1 3 3  
w01393 
- w  00995 
-WOO478 
- m  00384  
-.0001P 
~ 0 0 1 6 6  
w 004 7 2 
m00969 
~ 0 1 3 7 0  
~ 0 1 6 6 4  
w02044 












~ 3 6 5 6 5  
~ 0 0 2 9 5  
~ 0 1 4 3 2  
~ 0 1 4 0 3  
w01380 




~ 0 1 4 7 1  
0 1  504 
w01542 





- w  0003 4 - m  00005 
-moo035 w00002 
- w  0002 0 w 00004 
-woo02 1 m00036 
- w  0005 6 ~ 0 0 0 3 5  
- w  0005 2 w 00012 
-woo105 ~ 0 0 1 1 4  
- m  0025 5 w 00099 
- w  0002 5 w 00014 
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APPENDIX B 
TABLE BI1.- Continued 
G F N F R T C   T Y T N   R O D Y  HODEL f BODY P O S I T I O N  t L O N G I T U D I N A L  O m 0 0  # LATERAL 0 - 1 6 5  f Y A C Y  2 .70  
ALPHA L / o  CL CD C M  CN C A  CNR C Y 8  
"""" """" """" ""_ """" """" "_ """" """" 
-3m67QR8 
- 1 . 9 6 0 7 0  
" 8 9 5 1 7  
-mOhA5P 
1 - 0 0 8 4 0  
1 . 1 2 1 3 6  
4 a06336  




a 0 1  R 9 Q  
-5  0 9 9 6 3  
-3mP16R5 
- 1 . 9 3 4 3 6  
" 3 4 0 5 9  
l a 7 6 1 2 7  
3 . 7 2 6 3 2  
5 . 3 4 9 6 5  
5 . 3 4 9 6 6  
4 . 9 4 1 5 4  
4 . 3 9 4 7 3  
3mP7001 
- 0 9 9 1 3  
- a 1 0 4 1 8  
-no5848  
" 0 2 6 5 4  
" 0 0 4 6 3  
- 0 2 4 4 7  
0 5   7 6 6  
a 1 1 6 3 4  
- 1 6 6 6 8  
-23FOB 
3 0 5 3 3  
3 7 6 7 2  
- 0 0 1 3 2  
a 0 2 0 4 3  
- 0 1 5 3 2  
- 0 2 3 7 2  
- 0 1 3 6 1  
a 0 1 3 8 9  
0 1 5 4 7  
- 0 2 1 7 5  
- 0 3 1 1 6  
a 0 4 8 1 8  
- 0 6 9 4 8  
- 0 9 7 1 2  
- 0 1 3 3 4  
G F N F R I C   T W I N  ROOY  MnOEL ; B O D Y   P O S I T I O N  
A L  p H 4   L I D  t L  CO 
"""" """" """"  """" 
- 3 . 9 7 4 7 4  
-1 - 9 3 4 0 R  
-.PO672 
- 1 7 2 1 5  
1 a14147  
1 . 0 2 9 0 9  
3 a 9 4 8 1 9  
5mQP545 
7 . 8 6 1 4 6  
9 . 7 2 5 3 Q  




-1 7 8 7 4  7 
a 1 6 6 1 7  
2 . 1 5 6 8 7  
3 . 4 6 3 7 0  
5 . 1 7 7 2 7  
5 . 3 6 8 6 9  
4 . 8 8 6 4 5  
4 . 4 5 3 5 3  
3 . 9 0 1 9 2  
- 2 3 0 3 5  
- a 1 1 7 0 7  
- e 0 5 7 0 3  
" 0 2 3 7 6  
- 0 0 2 1 5  
. 0 2 9 7 7  
a 0 5 2 0 0  
a 1 0 8 9 6  
a17168  
2 2 6 8 9  
2P728  
3 6 5 7 6  
a 0 0 2 9 6  
a 0 2 1 6 0  
- 0 1 4 0 6  
- 0 1 3 2 9  
- 0 1 2 0 6  
- 0 1 3 8 0  
0 1 5 0 1  
0 2 1 0 5  
- 0 3 1 Q 8  
0 4 6 4 3  
- 0 6 4 5 1  
a 0 9 3 7 4  
0 0 1 2 8 4  
- . 0 0 7 0 0  
- m  0 0 4 5 7  
- e 0 0 2 6 2  
-m0006A 
- 0 0 1 5 0  
a003  87 
- 0 0 7 2 7  
- 0 0 9 3 4  
a 0 1 1 4 5  
0 1 4 1  2 
- 0 1 6 3 2  
-m00024 
- a 1 0 5 2 8  
" 0 5 8 9 7  
- a 0 2 6 7 5  
" 0 0 4 6 5  
- 0 2 4 7 1  
a 0 5 8 1 9  
1 1 7 5 9  
1 6 8 9 9  
- 2 4 2 4 8  
- 3 1 2 7 8  
- 3 8 8 7 2  
0 0 1   3 3  
a 0 1 3 7 0  - a 0 0 0 6 0  
- 0 1 3 3 1  - a 0 0 0 3 7  
- 0 1 3 3 0  -a0004  2 
- 0 1 3 6 0  - a 0 0 0 6 3  
- 0 1 3 4 6  - a 0 0 0 4 7  
- 0 1 3 3 3  - e 0 0 0 4 9  
e01345  - 0 0 0 0 9 8  
- 0 1 3 9 6  - a 0 0 1 7 0  
- 0 1 4 3 2  - a 0 0 3 2 3  
- 0 1 5 0 1  - e 0 0 4 1 8  
- 0 1 5 7 3  - a 0 0 5 1 7  
a 0 1 3 3 4  - e 0 0 0 5 0  
- a 0 0 0 3 2  
- a  0 0 0 1 9  
- a  0 0 0 0 7  
- m  0 0 0 2 9  
0 0 0 0 9  
0 0 0 1 6  
- 0 0 0 7 3  
- 0 0 1 6 9  
a 0 0 2 3 6  
0 0 4 2 6  
a 0 0 6 1 4  
0 0 0 0 3  
t L O N G I T U D I N A L  0.00 t LATERAL 0 . 2 5 0  f qACH 2 . 7 0  
C M  C Y  C A  CNR C Y B  
"""" """" """" """" """" 
- a  OOR 1 3  
" 0 0 4 3 5  
" 0 0 1 8 0  
a 0 0 0 1 6  
e 0 0 2 4 0  
- 0 0 4 0 9  
moo790 
- 0 1 1 1 6  
mol289  
a 0 1 4 9 7  
- 0 1 7 5 5  
0 0 0 2 1  
" 1 1 8 2 8  
- a 0 5 7 5 0  
- a 0 2 3 9 4  
0 0 2   1 9  
a03004  
a 0 5 2 4 8  
- 1 1 0 1 5  
a 1 7 4 0 8  
e 2 3 1 1 1  
- 2 9 4 0 5  
3 7 7 2 4  
a 0 0 2 9 8  
- 0 1 3 4 4  
a01303  
- 0 1 2 9 5  
- 0 1 2 9 5  
- 0 1 3 2 1  
a01325  
- 0 1 3 4 9  
- 0 1 3 9 0  
- 0 1 4 9 6  
a01505  
-01 6 0 1  
- 0 1 2 8 4  
"0001 0 
a 0000 8 
00008  
" 0 0 0 0 1  
- a  0 0 0 0  4 
- 0 0 0 0 5  
a 0 0 0 0  2 
"00010 
- a  0 0 0 1  7 
- a  0 0 0 2  9 
- e 0 0 0 3  7 
0 0 0 1  2 
0 0 0 0 9  
a 0 0 0 5 1  
00050 
0 0 0 3 9  
00038 
a 0 0 0 5 2  
0 0 0 3 6  
0 0 0 4 6  
0 0 0 5 7  
-00038 
. 0 0 0 8 1  
a 0 0 0 6 6  
G F N F R I C  TWIN BODY  Mf lDEL  BnDY  POSITION 8 L O N G I T U D I N A L  O m 0 0  t LATERAL 0-350 J MACH 2 - 7 0  
ALPHA 1 / n  CL  CD  CH  CN  CA  CNB  CY9 
"""" """" """" "_ """" """" """" ""_ """" 
- 4 . 1 1 1 1 3  
- l a 8 7 8 1 0  
- 1 a 0 1 7 R 4  
- - 0 4 6 P 5  
2 . 0 4 0 5 0  
me2900 
4 . 0 1 4 9 3  
5 . 9 8 3 6 7  
7 a 8 7 0 8 2  
1 0 . 1 0 4 7 3  
1 2 - 1 2 5 8 R  
- 1 0 0 2 7  
- 5 . 5 8 7 1 9  
- 3 - 8 6 6 1 7  
- 2 . 4 9 3 5 7  
- a 5 0 7 0 1  
1 . 4 6 4 0 R  
3mh4598 
5 . 2 6 4 8 3  
5 . 3 3 9 2 1  
4 . 9 0 5 0 8  
4 . 3 2 1 5 2  
3mP5076 
- 0 5 7 9 4  
- a 1 2 7 1 7  
- a 0 5 7 0 7  
" 0 3 3 4 2  
- a  0 0 6 5 9  
a 0 1 9 3 1  
- 0 5 4 6 3  
a 11 1 9 2  
- 1 7 0 0 2  
a 2 2 4 4 2  
a 3 0 2 0 4  
- 1 7 6 4 0  
a 0 0 0 7 7  
- 0 2 2 7 6  
- 0 1 4 7 6  
- 0 1 3 4 0  
- 0 1 3 0 0  
a 0 1 3 1 9  
- 0 1 4 0 8  
a 0 2 1 2 6  
- 0 3 2 0 1  
- 0 4 5 7 5  
a 0 6 9 8 9  
- 0 9 6 1 9  
a 0 1 3 2 3  
" 0 0 8 8 0  
- a  0 0 4   1 3  
-moo240 
- a 0 0 0 2 7  
a 0 0 1 7 1  
- 0 0 4 4 0  
- 0 0 8 3 0  
a 0 1 1 3 8  
a 0 1 3 7 4  
a 0 1 6 5 7  
- 0 1 9 2 0  
a 0 0 0 2 5  
- a  1 2 8 4 8  
" 0 5 7 5 2  
" 0 3 3 6 6  
-a00660 
- 0 1 9 5 2  
a05514  
a 1 1 3 1 3  
m.17333 
a 2 2 9 5 6  
a 3 0 9 6 2  
- 3 8 2 3 4  
a 0 0 0 7 9  
- 0 1 3 5 9  
-0128R 
a 0 1 2 8 1  
- 0 1 2 9 9  
a 0 1 2 8 8  
- 0 1 2 9 9  
-01 337  
0 0 1 4 0 2  
e 0 1 4 7 9  
- 0 1 5 8 2  
- 0 1 6 2 4  
a 0 1 3 2 2  
- a  0000 5 
a 0000 6 -. 0000 F 
- a 0 0 0 0 4  
- a 0 0 0 0 4  
- a  0000 5 
- e  0000 3 
- . 0 0 0 2 0  
- . 0 0 0 2 0  
- e  0 0 0 3  6 
-a  0 0 0 1  5 
0000 6 
-moo023 
- 0 0 0 3 3  
- 0 0 0 1 5  
0 0 0 1 9  
0 0 0 2 3  
a00020 
0 0 0 5 6 .  
- 0 0 0 3 0  
a00060 
- 0 0 0 5 8  
- 0 0 0 7 4  
- 0 0 0 3 4  
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APPENDIX B 
TABLE B I 1 . -  Continued 
C-ENFRIC T U I N  R O D Y  HrlnEL i ROnY P O S I T I O N  8 L O N G I T U D I N A L  0.00 LATERAL 
ALPHA L IO C L  CD C M  CN  A 

















































- a  008 4 1  
-a00414 
-a00197 

































0.450 J MACH 2.70 
CKB  CYB 
"""" """" 
a 0000 9 
a 0000 5 
a 0000 5 
a 0000 1 
0*00000 
a 0000 3 
-a0001 7 
- a  0001 2 
- a  0 0 0 1  5 
- a  0002 1 
-a00029 - 












a 00037  
G F N F P I C  TWIN R O O Y  H'IOEL 4 B O D Y  P O S I T I O N  8 L O N G I T t I D I N A L  Om00 8 LATERAL 0.550 1 WACH 2.70 
ALPHA LID CL C D  CH CN C A  C N B  C Y B  










































a 0 1476 
a02135 






























a 0 1   3 5 2  
a01299 







a 0 1   6 6 6  
a01342 
C E N F P I C  T W I N  R O O Y  MODEL i B O D Y  P O S I T I O N  : L O N G I T U D I N A L  0.00 8 LATERAL 













a 0 1  2 0 3  
-.A7344 
12 





- *@3797  














- a 0 0 0 4 3  
001950 


























-a005 2 Q 
-a00217 
- a 0 0 0 2 2  
a 0 0 1   6 7  





























a 01 329 
a01335 




a 0 1   6 4 3  
a01322 
a01409 
- a  0000 1 
- a  0000 1 
a 0000 2 
a 0000 9 
-a00003 
- a  0 0 0 1  3 
- a  0000 7 
0*00000 
0a00000 
-a  0002 7 
- a  0004 0 















-. 0001 3 
-a00012 
- a  0000 2 
- a  00005 
a 0000 9 
- a  0000 3 
- a  0 0 0 1  5 
-a00017 
- a  0000 4 
-a0001 3 
-a  0 0 0 1  6 
-a00001 
a 0004 5 














- m  04980 
APPENDIX B 
TABLE BII. - Continued 
C E N F P T C  T U I N  P O O Y  MODE1 3 R O D Y   P O S I T I O N  8 L O N G I T U D I N A L  0000 9 L A T E R A L  0 0 7 5 0  i MACH 2 . 7 0  
AL PWA L I D  CL  CD  CM  CN  CA C NR C Y 8  
"""" """" """" """" """" """" """" """" """" 
- 0 1 0 7 7 0  
- 0 0 5 5 3 3  
- 0 0 3 4 0 4  
0 0 0 3 2 3  
0 0 2 8 5 6  
0 0 5 5 1 6  
0 1 0 4 0 8  
0 1 5 4 9 4  
.22266  
0 2Q351 
0 3 5 3 2 5  
0 0 0 0 5 3  
0 0 2 0 7 0  
0 0 1 4 6 7  
001337  
0 0 1 2 7 0  
0 0 1 3 3 1  
0 0 1 5 0 5  
0 0 2 0 7 9  
0 0 2 9 6 2  
0 0 4 6 1 7  
0 0 6 8 6 4  
0 0 9 2 1 3  
0 0 1 2 7 3  
- 0 0 0 9 4 5  
- 0 0 0 4 9 1  
-0002   92  
0 0 0 0 3 9  
0 0 0 2 9 5  
0 0 0 5 3 6  
0 0 1 0 0 5  
0 0 1 3 4 e  
0 0 1 6 4 7  
0 0 1 4 4 1  
0 0 1 9 2 3  
0 0 0 0 2 4  
- 0  1 0 8 8 6  
- 0  05 5 80  
- 0 0 3 4 2 8  
0 0 0 3 2 6  
0 0 2 8 8 3  
0 0 5 5 6 8  
0 1 0 6 0 8  
0 1 5 7 1 4  
0 2 2 6 9 3  
0 3 0 1 0 3  
0 3 6 4 7 0  
0 0 0 0 5 6  
0 0 1 3 3 4  
0 0 1 2 7 9  
001272  
0 0 1   2 6 9  
0 0 1 2 7 2  
001297  
0 0 1 3 3 9  
0 0 1 3 7 6  
~ 0 1 4 5 4  
0 0 1 5 5 3  
0 0 1 6 3 3  
0 0 1 2 7 3  
0 0000 1 
- 0 0 0 0 0 1  
- 0 0 0 0 0 6  
0 0 0 0 0 9  
0 0000 2 
0 0 0 0 2 4  
0 0 0 0 0 7  
0000 3 
0 0000  2 
- 0  0 0 0 2  2 
- 0  0 0 0 2 9  
0 0 0 0 0 4  
0 0 0 0 5 3  
0 0 0 0 4 7  
0 0 0 0 4 3  
0 0 0 0 3 7  
0 0 0 0 1 4  
0 0 0 0 3 2  
- 0  0 0 0 0 7  
0 0 0 0 1 6  
- 0  00002 
0 0 0 0 0 6  
- 0 0 0 0 0 3  
0 0 0 0 3 2  
G F N F P I C  T U I Y  R O O Y  MODEL ; R O D Y  P O S I T I O N  : L O N G I T U D I N A L  0000 n L A T E R A L  0 . 8 5 0  ; HACH 2 . 7 0  
ALPHA L /n  CL  CD C M  CN  CA  CN R c YB 
"""" """" """" """" """" """" """" """" """" 
- 5 0  1 2 2 0 6  
- 3 0 @ 7 4 3 9  
- 2 0 0 7 1 9 6  
- 0 1 1 5 3 3  
2 . 2 2 3 7 4  
3 . 2 0 7 3 2  
5 .042R1 
5 . 2 3 2 4 7  
4 0 8 0 Q 0 5  
4 . 3 1 3 4 2  
3oP3352  
- 0 0 2 7 2 4  
- 0 1 0 5 7 2  
- 0 0 5 9 1 0  
- 0 0 2 7 3 4  
- 0 0 0 1 4 5  
0 0 2 9 3 0  
0 0 4 7 2 4  
0 1 0 3 5 2  
a 1 6 4 6 3  
0 2 2 7 6 7  
0 2 9 0 0 0  
0 3 5 5 0 2  
- a 0 0 0 3 5  
0 0 2 0 6 4  
0 0 1 5 2 6  
0 0 1 3 2 0  
0 0 1 2 5 8  
0 01   31  8
0 0 1 4 7 3  
0 0 2 0 5 3  
0 0 3 1 4 6  
0 0 4 7 3 4  
0 0 6 7 4 4  
0 0 9 2 6 1  
0 0 1 2 7 8  
- 0  008  5 3 
- 0 0 0 4 8 0  
- 0 0 0 2 2 9  
- 0  0 0 0 1  6 
0 0 0 2 6 9  
0 0 0 3 9 3  
0 0 0 8 5 3  
0 0 1 1 2 6  
0 0 1 1 8 8  
0 0 1 2 4 1  
0 0 1 5 0 2  
-000000 
- 0 1 0 6 6 7  
- 0 0 5 9 6 1  
- 0 0 2 7 5 4  
- 0 0 0 1 4 3  
0 0 2 9 5 7  
0 0 4 7 7 3  
0 1 0 4 7 0  
0 1 6 7 0 3  
023207  
0 2 9 8 2 2  
0 3 6 6 5 3  
- 0 0 0 0 3 4  
0 0 1 3 4 8  
001315  
0 0 1 2 7 7  
0 0 1 2 5 8  
0 0 1 2 5 7  
001   305  
001325  
0 0 1 3 9 5  
001475  
001543  
0 0 1 6 4 9  
mol278 
- 0 0 0 0 1 4  
- 0 0 0 0 1  1 
- 0  0 0 0 0  7 
0 0 0 0 0  4 
0 0000 5 
- 0  0000 3 
- 0  0 0 0 0 5  
- 0  0 0 0 0  3 
0 0 0 0 0  2 
- 0 0 0 0 2  3 
- 0 0 0 0 2 2  
00000  3 
0 0 0 7 5  
0 0 0 0 3 8  
000020 
0 0 0 0 1 8  
- 0 0 0 0 0 2  
- 0 0 0 0 0 4  
- 0 0 0 0 2 3  
- 0 0 0 0 2 4  
- 0 0 0 0 4 6  
- 0 0 0 0 1 1  
- 0  0 0 0 4 0  
0 0 0 0 3 0  
C E N F P I C   T U I N  RUDY MOnEL I RODV P O S I T I O N  I L O N G I T U D I N A L  0000 L A T E R A L  0 0 9 0 0  I MACH 2 .70  
ALPYA L I D   C L   C D  C M  C Y  CA  CNB  CYB 
"""" """" """" """" """" """" """" """" """" 
- 3 . 9 3 7 3 1  
- 1 0 9 5 4 4 9  
- 1 0 0 5 7 3 6  
-0n?056  
1 0 1 5 1 4 6  
2 . 0 3 5 4 3  
4o01A77 
6 . 0 3 0 6 2  
7 . 9 4 6 0 1  
1 0 . 0 1 6 4 2  
1 2 0 0 3 Q 0 0  
0 1 7 8 7 2  
- 5 . 2 0 6 2 7  
- 3 . 7 0 9 8 1  
- 2 0 4 7 5 5 9  
- 0 4 1 7 5 5  
2 0 1 A 5 4 1  
3 0 4 7 9 0 9  
5 . 0 3 1 4 0  
5 . 2 2 8 6 7  
4 . P 3 5 9 8  
4 . 3 2 3 5 3  
3oR6044 
0 4 2 1 2 5  
- 0 1 1 2 2 5  
- 0 0 5 6 2 4  
" 0 3 4 2 2  
- 0 0 0 5 4 1  
0 0 2 9 4 5  
0 5 1   5 6  
0 1 0 5 7 9  
0 1 6 5 0 9  
0 2 2 3 4 8  
0 2 9 1 5 5  
0 3 3 0 4 0  
0 0 0 5 4 7  
0 0 2 1 5 6  
0 0 1 5 1 6  
0 0 1 3 8 2  
0 0 1 2 9 6  
0 0 1 3 4 7  
0 0 1 4 8 2  
0 0 2 1 0 3  
0 0 3 1 5 7  
0 0 4 6 2 1  
~ 0 6 7 4 3  
. 0 9 2 9 4  
0 0 1 2 9 9  
- 0 0 0 7 4 6  
- 0 0 0 4 3 8  
- 0 0 0 2 4 0  
- 0 0 0 0 3 3  
0 0 0 2 4 2  
0 0 0 4 0 8  
0 0 0 7 6 7  
0 0 0 9 8 6  
0 0 0 8 9 6  
0 0 1 0 3 3  
0 0 1 4 4 6  
0 000  1 3  
- 0 1 1 3 4 7  
- 0 0 5 6 7 2  
- 0 0 3 4 4 7  
- 0 0 0 5 4 1  
0 0 2 9 7 1  
0 0 5 2 0 5  
0 1 0 7 0 0  
0 .16749  
0 2 2 7 7 2  
0298R3 
0 3 6 9 8 8  
0 0 0 5 5 1  
0 0 1 3 8 0  
0 0 1 3 2 3  
0 0 1 3 1 9  
001   295  
001288  
0 0 1 2 9 8  
0 0 1 3 5 6  
0 0 1 4 0 8  
0 0 1 4 8 7  
001   570  
0 0 1 6 0 4  
0 0 1 2 9 8  
- 0  0 0 0 1  9 
- 0  0 0 0 1  5 
- 0 0 0 0 1 0  
0 0 0 0 1  2 
0 0000  8 
0 0 0 0 0 9  
0 0 0 1  3 
0 0 0 0 1 3  
a 0000 3 
- 0 0 0 0 1  4 
- 0 0 0 0 1  5 
0 0 0 0 1  5 
0 0 0 0 8 2  
0 0 0 0 6 0  
0 0 0 0 6 2  
0 0 0 0 2 8  
0 0 0 0 0 8  
- 0 0 0 0 1 5  
- 0 0 0 0 2 3  
- 0 0 0 0 3 8  
-000068 
- 0 0 0 0 5 6  
- 0 0 0 1 1 6  
0 0 0 0 2 3  
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TABLE B I I .  - Continued 
G E N F R I C   T W I N  SOOY  MODEL ; B O D Y   P O S I T I O N  : L O N G I T U D I N A L  0 0 5 0  8 LAT.ERAL 0 0 1 6 5  J MACH 2 0 7 0  
ALPYb L 10 r L  CD  CV  CN  CA  CNB  CY0 
"""" """" """" """" """" """" """" """" """" 
-3 09004 1 
-2002959 
-1007717 



















- 0  4104R 
- 3 . 9 4 4 ~ 0  
- 0 1 1 R 1 1  
- 0  062  15 
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Figure 1.- Reflection plane simulation of two i n t e r f e r i n g  bodies a t  M = 2.01. 
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(a) Three-view  sketch of twin-body  model. 
Figure 2.- Details of twin-body  model. Al linear  dimensions  are  in  centimeters  (inches). 
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(b) Sketch  of  fusiform  bodies. 
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Figure 2. - Concluded. 
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Figure 3.- Photographic  layout of model  parts. 
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Figure 4.- Sketch showing parametric  variation of test  geometries. 
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Figure 5.- Twin-body model in  wind-tunnel. 
0 EXP ER I MENT 
PAN AIR 
FAR-FIELD WAVE  DRAG ""_ 
.006 - - - 
Axlb = 0 Axlb = 0.50 Ayl b = 0.25 0 
"- 





- - - 
- - 
- 
I I I I 1 I I I 1 I I I I I I 
0 .2 .4 .6 .8 1.0 0 .2 .4 .6 .8 1.0 0 .2 . 4  .6 .8 1.0 
Aylb Aylb Axlb 
Figure 6.- Experimental and theoretical variations in zero-lift  wave  drag 
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Figure 7.- Comparison  between  experimental  and theoretical longitudinal  aerodynamic 
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Figure 7. - Continued. 
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Figure 7 .- Continued. 
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Figure 8.- Summary of longitudinal  aerodynamic  characteristics 
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Figure 9.-  Continued. 
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(b) Fuselage  position: Ax/b = 0.50, Ay/b = 0.25. 
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(c) Fuselage  position: A x / b  = 1.00, &/b = 0.25. 
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Figure 10.- Typical experimental  and  theoretical  directional  characteristics 
associated  with  asymmetric  twin-body  geometries  at M = 2.70. 
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